Measurements and main results -The appropriateness evaluation protocol (AEP) was used to assess whether or not the admission and each day of the hospital stay were appropriate. For data analysis we used the extension of logistic regression that allows quantification of withinpatient clustering of inactive days. The average length of stay (LOS) was 11 7 days in 1988 and 9 5 in 1990 (p<0-001). In contrast, the proportion of inappropriate admissions was 12% in 1988 and 19% in 1990 (p<O0OOl 
Participants -Medical records were randomly selected from records of adults discharged from hospital with a principal diagnosis other than normal delivery or any psychiatric condition. Altogether 750 records with complete data were reviewed for 1988 and 633 for 1990 . Measurements and main results -The appropriateness evaluation protocol (AEP) was used to assess whether or not the admission and each day of the hospital stay were appropriate. For data analysis we used the extension of logistic regression that allows quantification of withinpatient clustering of inactive days. The average length of stay (LOS) was 11 7 days in 1988 and 9 5 in 1990 (p<0-001). In contrast, the proportion of inappropriate admissions was 12% in 1988 and 19% in 1990 (p<O0OOl). Among those patients who were appropriately admitted, the average odds of a given day being inactive in 1990 was no lower (OR= 1.09) than the odds in 1988, but the clustering of inactive days was significantly (p<0-001) lower in 1990. Conclusions -In the hospital studied, a lower average length of stay was not associated with an improved level of appropriate utilisation. Policies exclusively focused on lowering LOS may not directly lead to a reduction in inappropriate hospital utilisation.
(J3 Epidemiol Community Health 1996;50: 1) In an environment of health cost containment, policies targeted at reducing the length of stay in acute hospitals represent a straightforward strategy for lowering expenditure. A number of studies have shown that some hospital care is inappropriate or not urgent, either because it could have been provided at a lower cost (eg, as an outpatient) or because no relevant clinical action was taken during the admission. 1A
In order to increase hospital efficiency, managers in the United States and in Europe are devoting considerable effort to reducing the average length of stay (LOS) in hospital. In the United States, these reductions have been clearly stimulated by new reimbursement systems. In general, prospective payment systems have been associated with shorter hospital stays and better quality of inhospital care.56 Nevertheless, data indicating a worse outcome at discharge associated with a reduction in LOS after the implementation of prospective payment schemes have also been reported.7 There is still no definite evidence that a reduction in LOS is associated with a parallel decrease in the number of days spent inappropriately in hospital.
In Catalonia, Spain, where there is a national health system, hospital care is provided by public or privately owned hospitals under agreement with the public administration. Since the mid 1980s, reimbursement for some hospitals has been negotiated with the administration based on the previous year's overall average LOS. Because these hospitals are prepaid for a prespecified length of stay, the system stimulates generic or diagnostic-independent reductions in the LOS, since a saving or profit can be made when LOS is less than that for which they are paid.
The specific objectives of the present study were to compare the level of inappropriate bed utilisation in a Spanish teaching hospital in the two years, 1988 and 1990, and to analyse the relationship between changes in the appropriateness of bed utilisation and changes in the average LOS.
Methods
The Hospital Universitari del Mar is a teaching hospital with 440 medical and surgical beds. It is the public referral hospital for two districts (districts 1 Inappropriateness of utilisation was assessed using three different outcomes. Firstly, we considered whether or not the admission was appropriate. In this case, we used the exact Mantel-Haenszel procedure to compare the rates of inappropriate admissions in the two periods after stratifying by gender, age, and hospital ward. The second outcome considered was whether the stay contained at least one inactive day; and we examined the correlation between the first two outcomes. The third outcome was the number of inactive days during the LOS of each patient. The analysis of this outcome required the extension of ordinary logistic regression to incorporate the putative within-patient clustering of inactive days. '8 The key component of logistic regression methods for clustered data is to allow for the variance of the ordinary binomial distribution to be higher than nominal so that the probabilities of fully appropriate stays (number of inactive days = 0) and offully inappropriate stays (number of inactive days = LOS) are higher than those of the ordinary binomial distribution. The antilog of regression coefficients can be interpreted as the odds ratios of average probabilities of a given day being inactive during a hospital stay. This method is able to measure clustering ofinactivity in stays containing at least one inactive day. Specifically, a scale parameter quantifies the within-patient clustering of inactive days. Software to fit these models includes group.bmj.com on June 23, 2017 -Published by http://jech.bmj.com/ Downloaded from the EGRET package, the manual for which contains a clear heuristic presentation of logistic regression for clustered data. '9 To facilitate the interpretation and assessment of the clustering of inactive days in the two years studied, we depicted the expected probabilities of the number of inactive days for admissions with three different LOS: 3, 7, and 14 days of stay.
Results
The numbers of patients with complete data in the three outcomes of interest were 750 (96%) and 633 (97%) in the years 1988 and 1990, respectively. LOS was approximately two days shorter in 1990 (mean=9-5 days) than in 1988 (mean= 11-7). The percentages of the LOS presented in table 1 indicate that the full distribution of LOS shifted towards shorter stays in 1990. The first outcome analysed was whether or not the hospital admission was appropriate. The characterisation of the admissions does not take into account future events during the stay, including the length and the inactivity. The proportions of patients whose admission was considered inappropriate were 12% in 1988 and 19% in 1990 (p<0001) (table 2). The proportion of inappropriate admissions was higher for the 1990 sample in all strata according to gender, age, and hospital ward.
The second outcome analysed was whether or not the stay contained at least one inactive day. This approach reduces the information in the number of inactive days to a zero/one variable according to whether the number of inactive days is zero or greater than zero. Table  3 shows the proportion of admissions with at least one inactive day, according to the LOS and the appropriateness of the admission. In both years, almost all (> 95%) the individuals who had been inappropriately admitted to the hospital had at least one inactive day during their stay. In contrast, among those patients appropriately admitted, the higher the LOS, the greater the proportion with at least one inactive day. For every LOS considered, this proportion was higher in 1990, reaching a borderline significance value for stays between 8 and 14 days and being very significant (p= 0-01 1) for LOS greater than 14 days.
In the third analysis, the dependent variable was the number of inactive days and the independent variables were gender, age, ward of admission, and calendar year as explanatory variables. Because of the collinearity between inappropriate admission and the presence of at least one inactive day during the stay, we restricted this analysis to those patients who had been appropriately admitted (n = 1164). Gender, hospital ward, and year were categorical variables; age was used as a continuous variable and odds presented correspond to an increment of 10 years of age (eg, 60 v 50 years of age). Because LOS was very skewed to the right, logarithmic transformation was used. The results are presented in table 4 .
The odds of a given day being inactive were significantly lower in surgical (OR= 0-7 1) and other wards (OR = 0 47) compared with medicine. A longer LOS was significantly associated with the number of inactive days (OR= for twice the length). In contrast with the anticipated hypothesis that a lower average LOS would be associated with a lower number of inactive days, a higher but non-significant probability (OR= 1-09, p = 0-0462) of inactive days was found for admissions in year 1990 compared with those in year 1988. Females and younger patients had lower probabilities of inactive days but neither of the associations was statistically significant.
There was a significant clustering of inactive days, indicating that when patients have an inactive day the chances are that they present The figure illustrates the model given in table 4 . The figure shows the predicted probability of having a different number of inactive days (from 0 to all the stay) for a reference individual (ie, male, age = 54, admitted to medicine) whose length of stay was 3, 7, or 14 days in 1988 and in 1990. For each of the stays, both the probability of having a fully appropriate stay (0 inactive days) or a fully inappropriate stay was higher in 1988. The probability of having a number of inactive days between the above extremes was higher in 1990 .
In addition to examining the cluster effect by year of admission, we tested for differences in clustering according to the gender and hospital ward. No differences were noted by gender. However, there were significant differences according to the hospital ward, with medicine having the strongest clustering effect followed by surgery and other wards. Inferences with regard to year were not changed after including the differential clustering according to ward. Discussion Data presented in this study provide evidence that an important reduction in the average LOS was not associated with a lower level of inappropriate utilisation. As assessed by the AEP, in the hospital studied a shorter LOS was coupled with a higher proportion of inappropriate admissions, and the probability of inactive or inappropriate days of care in 1990 was no lower than that in 1988. The results of the present study support a previous suggestion that cost containment efforts directed at limiting the length of hospital stay may not reduce inappropriate hospital use. '3 More patients were admitted to the hospital in 1990 than in 1988, and the proportion of inappropriately admitted patients increased. Also, in 1990 the probability of having at least one inactive day during a patient's stay was Table 4 Association of different independent variables with the number of inactive days during the hospital stay. Regression coefficients, standard errors, and significance levels have been estimated using a logistic regression with random effects (beta binomial) (see footnote). Analysis was restricted to appropriately admitted patients (n = 1164) : For twice the length.
As a measure of goodness of fit of the extended model, we compared the expected and the observed proportions of having inactive days during the hospital stay. The goodness of fit was appropriate. Specifically, the difference between observed and expected proportions was less than 0-8% in all but in 3 of 32 comparisons.
higher than in 1988, apparently suggesting that the hospital failed to reduce inappropriate stays.
In both years evaluated, days deemed to be inactive followed a trend towards clusteringthat is, some patients tended to accumulate inactive days once they had one inactive day during their stay. While the changes that occurred between 1988 and 1990 led to an increase in the probability of having at least one inactive day during a patient's stay, the withinpatient clustering of inactive days was lower in 1990. As a consequence, since more patients were inappropriately admitted and those appropriately admitted did not present fewer inactive days, our data indicate that managerial efforts that produced a reduction in the average LOS in 1990 failed to increase hospital efficiency. On the other hand, efforts were partially successful because there were fewer inactive days in a given patient.
An advantage of using data on the number of inactive days in the full LOS in our study is that it allowed for the quantification of clustering of inactive days. This is in contrast to the commonly used approach of selecting one day at random, which is intrinsically limited, as a way of assessing this putative clustering. The Some of these admissions could be premature, (thus increasing inappropriateness in admissions), but with few inactive days associated (decreasing the clustering of inactive days). Nevertheless, the analysis of elective surgery patients in our sample did not show differences in inappropriateness between 1988 and 1990. Moreover, a similar pattern in the trend of inappropriateness was found for patients admitted to medical wards, where no specific interventions occurred between 1988 and 1990. Overall results suggest that the lowering of the LOS produced generic rather than specific changes in the hospital management between the two years studied. Unfortunately, the observational nature of the study did not allow us to identify the causes or the mechanisms by which these changes took place.
It could be argued that the decrease in the average LOS and the changes observed in the level of appropriateness may be due to differences in the casemix between the two years compared. However, differences between the average LOS in year 1988 and 1990 persisted after adjusting by DRG, that is, when the average LOS was estimated as a weighted average of LOS within each DRG, using a global functional index8. This makes it very unlikely that changes observed may be attributed to differences in the casemix of the years analysed. This conclusion is reinforced by the observation of a decrease in the proportion of hospital admissions that could have been handled at a lower level of care (eg, primary care) in 1990 compared with 1988 (data not shown).
It is interesting to note that both the level of inappropriateness and the factors associated with inappropriate utilisation are similar to those found in previous work by Restuccia et al,1 and other workers.'012 Some studies have reported a higher level of inappropriateness of admissions and of days of stay,20 although comparability with these results is more limited. Reliability of the two sets ofphysician reviewers in our study was also as high as that reported in other studies.9 "' High reliability is an important advantage of explicit instruments and makes the AEP an especially appealing one for reviewing hospital utilisation. Moreover, a previous study had shown that the AEP was valid and feasible when applied to the medical records of our hospital. '6 The results of the present study suggest that there is no direct impact on appropriateness when reducing the LOS. While interventions based on feedback information of inappropriateness detected by the AEP have proved to be effective in decreasing the number of inappropriate hospital days,24 the impact of decreasing the LOS on the appropriateness of hospital utilisation has not been reported.
Previous work has shown that the rates of utilisation of specific procedures are unrelated to the level of inappropriate use. 4 Similarly, in the present study, an increase in hospital utilisation was not associated with a lower level of inappropriate use. Results suggest that although some reduction in the extension of inappropriateness during the stay of the patients was achieved in the hospital studied, specific measures (ie, improving admission and discharge planning) rather than unspecific efforts towards lowering LOS should be im-
